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A study was conducted on the psychophysiological aspects of sex
reversal to investigate conflicting statements of previous investiga¬
tors. Parabiosis, injection of hormones and gonadectomy were the
methods used.
Parabiosis performed at 6 days of age had no effect on the normal
pattern of sexual behavior in adulthood. In contrast, hormone in¬
jections of testosterone and estrogen, begun at 6 days of age on male
and female rats resulted in a reversal of adult sexual behavior patterns.
Evidence of sex reversal was also found in prepubertal ovariectorn!zed
rats, while prepubertal orchldectomized males displayed masculine
behavior, but at a significantly reduced level.
A comparison was made on the experimental methods of hormone
injections and gonadectomy in relation to the degree of influence
obtained on adult sex behavior patterns. Testosterone treated females
and estrogen treated males were found to deviate more in patterns of
sex behavior as compared to a lesser effect resulting from prepubertal
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ovariectomy and no reversal in sex with prepubertal orchidectomized
males.
It was suggested that Instead of thinking of these deviant
patterns of behavior as sex reversal, we might think of them as re¬
sulting from the sensitizing of previously refractory behavioral
mechanisms, since many investigators feel that both sexes possess
central nervous arrangements capable of mediating mating responses
typical of the opposite sex.
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CHAPTER I
INTRODUCTION
Sex differentiation indicates the development of organs or or¬
ganisms which have two distinct, but sometimes complementary attri¬
butes of maleness and femaleness. Embryologically the male and female
factors, after a certain time, cause development of two indepeildent
chains of reactions that lead to the formation of male and female
characteristics. These substances increase in their concentrations
during development of the individual. After the differentiation of
the primodial gonads into ovary or testis, the genital tract develops
according to the sex of the differentiated gonad. The genetic sex is
determined at the time of fertilization, but the genetic information
involved in the differentiation of sex is hormonal. It is believed
by many investigators that endocrine conditions greatly influence
or even control behavior of many animals. But then, what is male
and female behavior? Some define male behavior as being characteris¬
tic of sperm producing individuals as compared to female behavior
which is characteristic of egg producing individuals. There are five
groups of criteria which are used in the assessment of sexual
identity; (1) the chromosomal characteristics, (2) the structure of
the gonads, (3) hormonal activity, (4) psychological characteristics,
and (5) patterns of sexual behavior.
By utilizing proper experimental techniques it is possible to
observe the effects of hormones on sex reversal as affecting sexual
behavior, and thus to study their influence on some of the components
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of behavioral patterns of different organisms.
Experimental control of sex behavior in animals is a vast topic,
and the existing relationship between sex genotype and the deviant
patterns of sexual behavior in adult individuals has only been frag-
mentarily understood in a few organisms. The evidence presented in
many cases has been contradictory. The problem presented has thus
been the subject of concurrent investigations by many scientists.
Sexual development originates in the embryo. Acquired mascu-
linizatlon of the normal female or feminization of the male in
reference to behavioral patterns are correlated with endocrine
influence. Some of the earliest investigations made in this area are
the work of Lillie (1917), who explained the free martin, that of
Wltschi (1927) who made fascinating analyses of sex reversal in
amphibians, and the work of Domm (1924) on birds, in which sex rever¬
sal by the administration of sex hormones was first obtained.
It is felt that animal behavior is not something apart from
its physiology, and therefore, the author of this thesis has empha¬
sized endocrine involvement in sex reversal in relation to sexual
behavior. The points considered here are on a comparative basis and
include the genetic sex and the degree of intersexuality as affected
by parabiosis, gonadectomy and the administration of sex hormones.
As used in this report, the term sexual behavior has reference
to intersexuality and sex reversal and refers exclusively to the
overt acts comprising heterosexual copulation. The behavioral patterns
are designated as courtship or precoital play as well as a variety of
non-copulatory sexual responses involved in homosexual activities.
CHAPTER II
REVIEW OF LITERATURE
Some of the classical methods producing intersexual states
involve hormonal administration, parabiosis, gonadectomy, ablation of
endocrine glands, gonad transplantation, and organ cultures. The
concept that hormones control the processes of sexual differentiation
and behavioral patterns is a result of studies on mammals, amphibians
and birds.
The classical interpretation of the free martin is of inestima¬
ble value when any study of intersexuality is Investigated. Lillie
(1917), discovered that in bovine twin pregnancies, vascular anas¬
tomoses are usually established between the chorionic vessels of the
twins. If the twins are heterosexual, the female is masculinized in
varying degrees of intersexuality. He concluded that the male hormone
enters the vascular system of the female embryo as a result of the
anastomoses.
The earliest reference to surgical parabiosis in mammals is the
work of Paul Bert as reported by Finerty (1952). He successfully
joined two albino rats and found that fluid injected into the external
jugular vein of one rat could be detected in the femoral vein of the
partner. The injected material was transferred by way of diffusion
from cutaneous vessels of one animal to those of the other. Yatsu
(1921), on the basis of Lillie's report on the free martin and the
technique of parabiosis by Bert, investigated the action of male
hormones on the female and vice versa in adult heterosexual parabiosis.
He found that in parabiosis, the presence of the male caused
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deteriorating effects upon the female Graffian follicles, although
the uteri and testes were unaffected. Finerty (1952), in contrast,
stated that the effects of parabiosis between adult rats of different
sexes seem to be mainly a result of the trauma associated with para¬
biosis and the changes involved may be correlated with stress.
Wiesner (1934) studied the effects of male hormone upon the
female and of female hormone on the male by parabiosis and thought
that this might bring about results that are sometimes found in
heterosexual twins of cattle. Instead of using adult rats, he used
newborns. He discarded the idea, feeling that parabiosis in the new
bom was not a practical method since he was not very successful at
rearing the young rats under such conditions.
Wislocki and Hamlett (1939) found no free martin effect occurring
in a pair of heterosexual parabiont cat embryos. Jost (1946) made
an attempt to produce experimental free martinism in embryos of
rabbits and rats. However, no free martin effect was seen. Jost
suggested, however, that the experiment should be repeated at earlier
states of development since it has been proven that fetal tests have
a localized effect on the genital tract. Hill (1932) surgically joined
male with a normal female rat and found no inhibition in sexual
activity. He did find evidence of reduced fertility in the female.
Johnson (1958) found that the rat ovary produces considerable amounts
of androgen if placed under the influence of high gonadtrophln levels
produced by a castrate parabiont.
Humphrey (1942) found that amphibians possess all the anlagen
for functional structures in the other sex. By administration of
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homones, a reversal of sex types in the gonad was produced. This
was followed by the development of appropriate reproductive passages,
sexual accessories and behavioral patterns.
Burns (1925) joined young embryos of Amblystoma in the tail but
stage and found that in 50% of the original male-female associations,
the males became transformed into females, whereas in the other half
the females became transformed into males.
In the parabiotic experiments of Witschi (1927), frog embryos
were joined shortly after the closure of the medullary tube and
evidence of sex reversal was found.
The administration of the hormones of sex has for some time
been valuable in the study of sex reversal and behavioral patterns.
Much work had been done on birds. Domm and Blivaiss (1947) found
that females displayed copulatory behavior following successive
implants of testoterone. Etienne (1964) investigated the influence
of testosterone oil the behavior of female mallard chicks and found
a reversal of courtship and copulatory behavior. Danforth (1942)
injected chicken eggs in the early stages of incubation with estrone
and found little effect on genetic females except when given in
large doses. Genetic males were similarly treated and the left
testis was almost completely inverted, Domm (1924) reported that
early removal of the left gonad from a female chick is followed by
almost complete masculinization, Domm and Davis (1941) found that
the behavior and plumage of domestic fowl could be altered by in¬
jections of estrogenic hormones into the eggs before the fourth day
of incubation. The males vary in degree of intersexuality while
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the females are essentially normal. The degree of masculinity of
plumage corresponded to the copulation pattern in the behavior of the
intersexed fowl. It was found also that behavioral patterns depend
on levels of threshold of hormone concentrations.
Burns (1938), found that the administration of estrogen to
male amphibians (either injected or added to the aquarium water) was
also effective in stopping the development of the testes and permitted
gonads of genetic males to develop as ovaries.
Burns (1939^) gave repeated injections of small doses of
estrone to larval Amblystoma punctatum beginning shortly after the
onset of sex differentiation of the gonads and found that it caused
transformation of the testes of genetic males into ovaries. He also
found that the process of reversal takes the same histological
course as has been described following parabiosis. Administration of
testosterone to female caused transformation of ovaries into testes.
Eversole (1941), found that male sexual behavior can be Induced
in immature male and female patyfish and guppies with androgenic
compounds.
Bums (193^) administered large doses of testosterone pro¬
pionate beginning on the first or second day of pouch life to female
oppossums. He found no change in the gonads themselves, but changes
were found in external genitalia.
Goy, Bridson, and Young (1966) administered testosterone pro¬
pionate to pregnant guinea pigs. The effects were masculinization
of female fetuses. The behavior displayed after the attainment of
adulthood and the responsiveness to gonadal hormones were found to
bear a closer resemblance to those features of castrate males than
normal females. Phoenix, Goy, Gerrall and Young (1959) administered
testosterone propionate prenatally to female guinea pigs and found
evidence of suppressed capacity for displaying lordosis in adulthood
during copulation after gonadectomy, followed by the injection of
estradial or progesterone. There was either an absence of lordosis
or abnormality in its appearance when displayed.
Raynaud (1938) studied the sexual behavior of Intersexed female
mice. He reported that sexual Instinct in the intersexed mouse was
greatly influenced by the genital hormones which circulate in the
blood of the female. The female hormones determine the behavior
which is characteristic of the female mouse. The administration of
the male hormone brings about masculine sex behavior.
Levine and Mullins (1964) investigated the influence of neonatal
hormone treatments on patterns of adult sexual behavior in rats.
Female rats that were treated neonatally with estrogen benzoate were
found to be sexually unreceptlve in adulthood. This condition pre¬
vailed even when they were castrated and given estrogen therapy.
Administration of testosterone to the adult anovulatory female was
found to elicit male sexual behavior patterns in the presence of a
receptive female. The same dose of estrogen (100 mg) given to males
96 hr after birth produced adults which were unable to achieve intro¬
mission, although they were found to mount frequently. Uhaden
(1964) injected male rats with single doses of estradiol benzoate,
testosterone propionate or oil 96 hr after birth. He found that
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testosterone had no permanent effect on growth or development of sexual
behavior, but estrogen did. It was postulated that an Inverse relation
ship existed between the amount of estrogen given and the probability
of mating In adulthood.
Ball (1940) injected the male hormone into normal adult female
rats from 2 to 3 months. This resulted in suppression of cyclic heat
behavior and appearance of more male sex activity. Green, Burrill
and Ivy (1938&) found that estradiol injected into the mother or in
newborn female rats produced arrested development of the vagina and
intersexuality (free martin). Green, Burrill and Ivy (1938ii)
administered testosterone propionate to newborn female rats and
found masculinizatlon of the external genitalia. Green, Burrill and
Ivy (1939) reported on the effects of estrogen given to pregnant
rats. Sexual differentiation of genetic male rats was altered. These
male offspring were feminized in that the development of the epididymis
vas deferens -and seminal vesicles was inhibited. A vagina, part of
the uteri and nipples were present.
Barraclough and Gorskl (1962) treated prepubertal female rats
with high doses of testosterone and found that a condition of perma¬
nent sterility and abolishment of mating behavior resulted. Levine
(1960) administered testosterone to female rats at birth and found the
male pattern of defecation resulted instead of the normal female
pattern concerning the bolus count. When the female had not been
injected at birth their bolus count was lower than the males, how¬
ever, those which were given testosterone defecated at a rate not
significantly different from males.
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Direct evidence for the function of testicular and ovarian
hormones in sexual behavior have been provided by descriptions of
behavioral changes which follow removal of the reproductive glands.
Carpenter (1933) tabulated frequencies of social responses of birds
during regular and time limited observation periods, relating
endocrine studies to behavioral patterns. He studied castrated male
pigeons and found that they were sexually motivated by forceful in¬
centives of a normal female. However, there was a reduction in
frequency of copulation after bilateral orchidectomy. There was a
gradual change in this process however; aggressiveness, frequency of
preening the other sex, billing, and charging were also reduced by
castration.
Domm (1927) made extensive studies of ovariectomlzed fowl. He
found that regeneration of the right ovotestis resulted in masculi-
nlzation. No pullets were ever observed to exhibit the squatting
reaction in response to the rooster that is t3q)ical of the normal hen
after ovariectomy.
Stone and Commlns (1932) found that mammalian females below the
level of monkeys and possibly some certain species of monkeys cease
to become receptive after the removal of ovaries.
Clark and Birch (1945) studied the effects on social behavior
after the administration of male and female sex hormones. When the
dominance status of male prepubertal castrate chimpanzees were corn-
paired with intact males, it was found that social dominance of the
castrate was enhanced by male sex hormones. Female sex hormones re¬
sulted in subordination of castrate social status.
10
Weisner, and Mlrskala (1930) reported that no mating behavior was
observed in the ovariectomized mouse. Rosenblatt and Aronson (1957)
analyzed the decline of sexual behavior after castration in male cats
and found that the first sexual response to disappear was that of
intromission. After a period of 3 months, only a small percent of the
cats tested were able to participate in copulation, Knude, D'amour,
Carlson and Gustavson (1930) administered female sex hormones to
normal and castrate bitches. The evocation of the mating and mater¬
nal pattern was seen following administration of the hormones to the
castrates. Sollenberger and Hamilton (1939) castrated prepubertal
male guinea pigs. They then administered testosterone and studied the
overt sexual patterns of the castrate as compared with the intact guinea
pig. The castrates receiving no testosterone showed little signs of
sexual activity, whereas the non-castrates receiving testosterone
exhibited nearly the same activity as the controls.
Stone (1932) studied the retention of copulatory ability of male
rats and of other vertebrates in early infancy. He reported that
castration at this period resulted in total or almost complete sup¬
pression of all sexual responses. Castration after early infancy and
up to or including the age of puberty seemed to be determined by the
physiological age of the animal. Ball (1934) removed the sex tract
with the exception of the ovaries and fallopian tubes in adult rats.
She found that the removal of the uterus and vagina did not have any
effect on the display of sexual behavior. She concluded that the sex
tract is not the basis of heat behavior although it might play some
part in the psychobiological mating reaction of the intact animal.
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Levine and Mullins (1964) castrated male rats 4 days after birth and
reported that adult behavior was feminized. They also treated females
with androgen at this time and found a lack of feminine behavior being
exhibited as adults. Ball (1937) found a gradual waning of sexual
activity following castration of pubescent rats. Stone (1932) in¬
vestigated adult castrates and found that ejaculation was the first
element of sexual behavior to disappear and complete copulation with
intromission underwent a progressive decline. Beach and Holtz (1946)
castrated prepubertal rats and found adult mounting behavior upon
the receptive female and pelvic thrusts, but lack of ejaculation.
Koster (1943) stated that castrated females lost the ability to arch,
but retained attraction for males. Antagonism existed towards the
approaching male, and thus these animals resembled anestrous females
which at times attracted males, but resisted their approaches.
CHAPTER III
MATERIALS AND METHODS
Forty white albino rats were obtained from Laboratory Suppliers
of Atlanta, Georgia at 5 days of age. Eight more were obtained 1
week later from the animal room of Atlanta University's Biology
Department. The first 40 were used for the parabiosis and the hormone
experiments. The remaining 8 were used in the prepubescent gonadec-
tomy operations.
After the parabiotic operations, the animals were taken from
their mothers and fed Enfamll with a medicine dropper three times a
day until the weaning age of 21 days. After weaning, they were given
Burgerbits twice daily until maturity.
Animals injected with hormones Were placed back into the cages
with their mothers until weaning age. After weaning, they were se¬
parated from the lactating females and fed Burgerbits until maturity.
The prepubertal castrates remained with their mothers until weaning,
then separated, and fed Burgerbits until maturity.
Because of the age of the rats it was impossible to definitely
differentiate with any degree of accuracy between male and female
without killing and dissection. There has been one paper published
concerning the recognition of sex through external characteristics in
young rats (Jackson, 1912). The ano-genltal distance, the distance
measured from the anal aperture to the base of the genital papilla
(clitoris, penis), was found to be an index for identification of sex.
The ano-genital distance in most cases was greater in males than in
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females of the same age. He also was able to find that the size of the
genital papilla in most cases was greater in the male than in the
female.
Parabiosis
Because the age of the rats is critical in parabiotic experiments,
26 rats were chosen with the hope that 50% would survive. The 26 rats
were measured for ano-genital distances. Those with the greatest ano¬
genital distance were classified as males and those with shorter dis¬
tances were classified as females. The animals were then divided into
groups containing 13 organisms and placed in separate cages. One rat
at a time was removed from each cage and weighed. On the basis of
body weight, the rats were subcutaneously Injected with Nembutal
(15 mg/kg) using a 1 cc hypodermic syringe'and needle. The injections
were given at 5 min intervals.
The first rat to be injected was placed on its side on the
operating board which had been cleansed with a 11000 solution of
Zephlran. The animal was then wiped with Zephlran on the exposed side.
After 15 min when all signs of movement had ceased, an incision 1 cm
in vertical length was made with a scapula midway between the mid¬
dorsal and mid-ventral line. It was necessary to deviate from the
standard procedure of Bunster and Meyer (1933) because of the age of
the rats. The incision did not extend from the last rib to the ilium,
but approximately half this distance. After this Incision, another
incision was made through the peritoneal cavity. The skin was then
pulled back for a distance of about 0.25 cm and removed with scissors
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in a circular pattern around the incision (dorsal and ventral to it).
The same procedure was performed on the reverse side of a second rat,
A sterile piece of gauze, dipped in physiological saline, was placed
over the wound of the first rat while the operation was being performed
on the second rat. The rats were then placed side by side face down
and sutures were made through the internal tissues of both animals to
close the incision. Three sutures were made. The external incision
was then closed with 5 sutures on the dorsal side. Because of the
size of the rats, wound clips as used by Bunster and Meyer (1933)
could not be used. The rats were then placed on their backs face up¬
wards and the same procedure was used for closing the internal cavity.
Six sutures were made to close the external opening. One suture was
made behind the ear and two in the hind limb to prevent movement.
These animals were then placed into a seml-sterlle cage with gauze
padding to recover. After one week, a suture was made to Join the
medial edges of the scapulae which further prevented movement. The
animals remained together for a period of 16 days. They were then
separated, the sutures removed, and the individual incisions closed.
The controls for the parabiosis experiments were operated on in
the same manner as the experimentals. An incision was made through
the skin and through the peritoneal cavity. They were not joined,
however, to a parabiotic partner, but instead the wound was sutured
together again. The female and male controls were reared in separate
cages.
Mercurochrome painting was used to identify the individual parabiont
pairs after separation until markings could be placed on their ears.
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Hormone Administration
Fourteen animals were grouped in the manner according to the ano¬
genital distance with respect to sex. Those classified as males were
given lOOjig of estrogen from 6 to 40 days of age. The estrogen was
dissolved in Ringer's solution. Those animals classified as females
were given lOOng of testosterone daily beginning on the 6th day and
lasting until the 40th day of age. The testosterone was also dissolved
in Ringer's solution. The injections were made subcutaneously.
The controls for the hormone experiment were Injected beginning
on the 6th day with 10 cc of Ringer's solution until an age of 40 days
was reached. These injections were also given subcutaneously. Those
animals classified as being males were kept in separate cages, whereas
those identified as females were placed in another.
Gonadectomy
Ovariectomy
Operations were performed on the 30th day after birth, and the
differentiated sex was visible at this time. The females were injected
with 25 mg/kg body wt with Nembutal. When all movement had ceased, the
animal was placed on the operating board on its side. The hair was
removed from the back in the area midway between the last rib and the
knee. The area was then cleansed with Zephiran. An oblique incision
was then made 1 cm long between the last rib and the knee about 1 cm
lateral to the spinal muscles. A second incision was then made through
the layer of muscle and into the peritoneal cavity. The ovary was
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then seen, tied off with sutures, and removed with scissors. The
incision through the muscle was then closed with 4 sutures and the
skin with 5 sutures. The animal was then placed on its opposite side
and the other ovary removed with the same procedure through a separate
incision.
The controls for the ovariectomized group were operated on in the
same manner with incisions being made on both sides. The ovaries were
not removed however, and the incisions were closed with sutures.
Orchidectomy
The operation was performed 30 days after birth. The animals were
injected with 25 mg/kg body wt with Nembutal. When all movement had
ceased, the animal was placed on the operating board on its back, the
hair overlying the scrotal area clipped, and the area sterilized with
Zephlran. An incision was then made through the mldventral line of
the scrotum. The testis on one side was then separated from the
surrounding tissue. The next incision was made through the tunica to
free the testis. The spermatic cord was then tied off and the entire
testis was exposed. The gland was removed by a cut close to the area
that was tied off. The second testis was removed in the same manner
and the skin incision was closed with 3 sutures.
The controls for the orchidectomy group were operated on in the
same way with an incision being made in the mid-ventral line of the
scrotum. This incision was sutured without removal of the testis.
CHAPTER IV
EXPERIMENTAL RESULTS AJND DISCUSSION
Before one is able to comprehend abnormal sexual behavior, an
understanding of normal behavior is necessary. Normal behavior is
used as that which is exhibited by most organisms of a given kind.
In the mating behavior of the normal female rat, the copulatory
pattern consists of flattening or depressing the back. The perineum
is then elevated and exposed. This may be termed the lordosis
response. The female is more submissive and runs away from the male
in many instances. Hopping responses, and ear vibrations also
constitute part of the mating or sexual pattern of the receptive female.
The estrous cycle of the rat lasts from 4 to 5 days after which a
period of running is exhibited. This period of activity is called
heat. The normal duration of heat is from 13 to 15 hr. The female
will receive the male at any time during this time span with little
or no resistance towards the middle of the period. Fighting does not
occur between the male and female during this time.
The male tends to be more aggressive and pursues the female.
He mounts the female from the rear with the forelegs resting on
- her back or clasping the sides. Pelvic thrusts are executed on the
hind quarter until intromission occurs. This act is called copulation.
Bernant (1965) recorded the full pattern of the intromission response
with electric photography and divided the pattern into two components.
One phase involves the male making a variable number of very shallow
thrusts around and eventually into the vagina, while the other involves
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a deep thrust and a dismount. The rat's mounts and Intromissions are
very brief and the rat is capable of ejaculation several or more
times before sexual behavior ceases.
Each component of the sexual pattern may be known as a measure
and can be used accumulatively as an estimation of sexual vigor. The
measures as they appear in this report are; (1) nibbling, (2) mounting,
(3) times the experlmentals were mounted by other animals, (4) abortive
mounts, (5) copulation, which consists of pelvic thrusts, (6) clasps-
forepaws around the laterolumbar region, (7) intromission, (8) ejacu¬
lation, (9) spasms, - the backward lunge exhibited after ejaculation,
(10) ejaculation latency, - the time in minutes before first ejacu¬
lation, (11) recovery period after ejaculation, i.e. before the
animal is able to make again, (12) fighting; (13) hours in heat,
period of activity eidiiblted by the female, (14) ear vibrations in
the female, (15) hopping, (16) lordosis or arching of the back. The
latter two are characteristic female patterns alone.
The scale for the sexual score of the parabiotics, hormone
injected, gonadectomlzed animals and controls consisted of a posi¬
tive sign being assigned to all normal responses of behavior and a
negative sign being assigned to abnormal behavior. A +2 was given
for the display of heat and -2 for not displaying the increase in
activity. A -2 was given for ejaculation, and recovery time after
ejaculation, (if displayed) and -2 if the activity was not displayed.
The index to sexual maturity, as used in this report, was the
time of the opening of the vaginal orifice and the first estrous as
Indicated by cornification of cells in vaginal smears.
19
Vaginal smears were taken after the 60th day on the parabiotics,
the hormone injected and the gonadectomized animals. The parabiotic
females were the only experimentals which indicated signs of heat.
Table 1 gives evidence of this. The females in which the sex hormone,
testosterone, had been injected showed some signs of spasmotic acti¬
vity, but this did not last over an hour and could not be validated
as heat. The ovariectomized females gave no indication of heat in
any form.
The parabionts had an average appearance of the first estrous
at ?6.5 days, as is Indicated in Table 1. The average for the
opening of the vaginal orifice was 70,8 days (Table 2), The rats
which received testosterone averaged 81.3 days for the opening of
the vaginal orifice as is indicated in Table 2. The ovariectomized
rats averaged 89 days for the opening of the vaginal orifice as shown
in Table 2. The average for the controls for the first estrous and
the opening of the vaginal orifice correlated with that of the con¬
trols of the parabiotics. However, as is indicated by Table 2,
the opening of the vaginal orifice occurred 14 days later for the
hormone Injected females than the controls, and 19 days later for the
ovariectomized females than the controls. It may be postulated that
the belated opening of the vaginal orifice and the failure of estrous
to appear was due to the abnormal hormone flux within the system of
the hormone treated animal and the removal of the estrogen secreting
organ, the ovary, in the ovariectomized animal. This evidence would
be in agreement with Ball (1940) who stated that the injection of
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Table 1. Time of the first estrous after various experimental
procedures
Parabionts Testosterone Injected Ovarlectomlzed
Experlmentals Experlmentals fbcperlmentals
1. 77 days 1. not exhibited 1. not exhibited
2. 79 days 2. not exhibited 2. not exhibited






1. 79 days 1. 81 days 1. 77 days
2. 75 days 2. 79 days 2. 78 days
3. 77 days
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Table 2. Time of the opening of the vaginal orifice after
various experimental procedures
Parabionts Testosterone Injected Ovariectomized
EXPERIMENTALS
1. 72 days 1. 81 days 1. 89 days
2. 74 days 2. 80 days 2. 87 days






1. 73 days 1. 70 days 1. 67 days
2. 70 days 2. 65 days 2. 74 days
3. 68 days
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testosterone into adult female rats repressed the cyclic activity
of the animal and that at the time that estrous might have been
expected, there was cornification of the smears, but leucocytes were
always present in the smears. Beach (1942a) also stated that in
lower mammals, ovariectomy of the adult female results in cessation
of cyclical changes in the vaginal epithelium, and erradication of
the running activity cycle. The author was unable to find comifi-
catlon of smears in both the hormone injected and ovariectomized
animals.
Jackson (1912) reported that the vaginal aperture does not
appear until the middle or end of the second month. Blunn (1939)
reported that Long and Evans found that the appearance of the
vaginal aperture occurred from 45 to 100 days. Blunn also indicated
that Long and Evans reported sexual maturity at 76 days as contrasted
with the reports of Slonaker who gave evidence of sexual maturity at
80.6 days. Blunn (1939) stated that the opening of the vaginal
orifice corresponds to the first estrous. Thus, from the findings
obtained in this study, the parablotlcs' first estrous and the opening
of the vaginal aperture could be correlated in time with the work of
these investigators. In light of their findings also, it appears
that the vaginal aperture of the hormone injected and ovariectomized
animals opened within the time limits of these Investigators as
compared with the data obtained herein. The author concluded then
that the cyclic estrous activity was affected by the administering of
the testosterone and the removal of the ovaries of the experimental
animals, but that the opening of the orifice was not affected.
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The parabiotics were tested for sexual behavior as soon as the
vaginal orifice opened and evidence of heat was displayed by in¬
creased activity or cornification of vaginal smears. The hormone
injected and ovariectomized females were placed in test situations
after the 89th day.
Two test situations were devised. One experiment consisted of
placing the experimental animals, male or female, with an estrous
female in one instance and a male in another. Before the males were
tested with other males, both males were placed in a cage with a
highly receptive estrous female to arouse them sexually. If any
attempts towards copulation were made, the act was interrupted by
the author. Each animal was tested a total of three times in each
situation.
In agreement with Wiesner (1934) the author found that the
rearing of parabiotic newborns was difficult. Out of 26 experimental
animals 7 females survived and 4 males. All control males and
females survived. Three males died after reaching puberty and three
heterologous pairs (6 rats) died within 10 days after the operation
was performed.
In testing the parabiotic females with normal estrous females,
no deviant pattern of sexual behavior was observed. The usual
increased activity was observed for both the controls and the para¬
biotic females. The parabiotic females showed no signs of mounting
the female, copulation, nibbling or clasping the estrous females, as
is indicated in Table 3.
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Table 3. Individual sex behavior responses of parabiotic males and females for nibbling (ni), mounting (mt), times mounted (tm),
abortive mounts (am), copulation (co), clasps (cl), intromission (in), ejaculation (ej), spasms (sp), ejaculation latency (el),



































F. 1 0 0 0 0 +15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +12 +5 0 +10 +7 +9 0
F. 2 0 0 0 0 +17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +4 0 +8 +10 +12 0
F. 3 0 0 0 0 +14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +15 +7 0 +8 +7 +8 0
F. 4 0 0 0 0 +13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +12 +8 0 +9 +8 +9 0
F. 5 0 0 0 0 +15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +7 0 +7 +8 +10 0
F. 6 0 0 0 0 +16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 +15 +5 0 ±9 +10 +11 0
F. 7 0 0 0 0 +14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +16 +4 0 +8 +8 +9 0
CON.
F. 8 0 0 0 0 +18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +4 P +10 +9 +8 0
F. 9 0 0 0 0 +13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +2 0 +7 +10 +10 0
F. 10 0 0 0 0 +16 0 0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +3 0 +9 +9 ±10 0
EXPT.
M. 11 0 +6 0 +15 0 0 0 +2 0 +7 0 +15 0 +6 0 0 +3 0 +8 0 +43 +2 0 0 0 0 0 0 0
M. 12 0 +5 0 +16 0 0 0 +4 0 +9 0 +16 0 +9 0 +3 0 +3 0 +8 0 , +51 +3 0 0 0 0 0 0 0
M. 13 0 +8 0 +16 0 0 . 0 +4 0 +7 0 +16 0 +7 0 +2 0 +2 0 +6 0 +50 +1 0 0 0 0 0 0 0
M. 14 0 +6 0 +17 0 0 0 +3 0 +8 0 +17 0 +8 0 +3 0 +3 0 +7 0 +50 +3 0 0 0 0 0 0 0
CON.
15 0 +7 0 +16 0 0 0 +2 0 +6 0 +16 0 +6 0 +2 0 +2 0 +7 0 +52 +2 0 0 0 0 0 0 0
M. 16 0 +4 0 +14 0 0 0 +3 0 +10 0 +14 0 +9 0 +4 0 +4 0 +8 0 +51 +2 0 0 0 0 0 0 0
M. 17 0 +7 0 +17 0 0 0 +3 0 +9 0 +17 0 +9 0 +4 0 +3 0 +7 0 +50 +3 0 0 0 0 0 0 0
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The parabiotic male animals were tested with the estrous female
and displayed no signs of deviant sexual behavior. Responses to the
female were correlated with those of the controls in nibbling,
clasping, mounting, copulation, intromission, ejaculation and spasms
as indicated in Table 3.
When the parabiotic male animals were tested with another male,
no signs of reversed sexual behavior were displayed. Although the
animal had been sexually aroused by being placed in a situation with
another estrous female and not having been permitted to copulate, the
animal in no way indicated any approaches towards the other male, as
is indicated in Table 3.
Table 3 provides individual responses for each male and female
parabiont in the test situation with the female and with the male.
It is clearly indicated that the responses for the experimental animals
corresponded to that of the controls. The ejaculation latency and
the recovery period before ejaculation is correlated to that of the
controls, and the duration of heat in the female was correlated with
that of the control females.
Table 4 gives scores for behavior responses following parabiosis
in male and female rats. These scores are all positive and the
range for the females correlated with those of the control and those
for the males correlated with those of the controls.
These results Indicate a pattern of sexual behavior that was
normal and not deviant in relation to intersexuality or sex reversal.
It was obvious that the parabiotic surgery did not influence the









Female 1 Parabiosis 6 days +48
Female 2 Parabiosis 6 days +53
Female 3 Parabolsls 6 days +46
Female 4 Parabolsls 6 days +49
Female 5 Parabiosis 6 days +49
Female 6 Parabiosis 6 days +53
Female 7 Parabiosis 6 days +45
CONTROLS
Female 8 6 days +51
Female 9 6 days +44
Female 10 6 days +49
EXPERIMENTALS
Male 11 Parabiosis 6 days +63
Male 12 Parabiosis 6 days +73
Male 13 Parabiosis 6 days +67
Male 14 Parabiosis 6 days +72
CONTROLS
Male 15 Parabiosis 6 days +63
Male 16 Parabiosis 6 days +68
Male 17 Parabiosis 6 davs +76
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development of the male or female in relation to sex reversal.
Thus, as Yatsu (1921) and Hill (1932) stated, that parabiosis
between adult heterosexual rats produced no effects on either partner,
the author wishes to insert the postulation that parabiosis between
heterosexual pairs of rats joined at 6 days does not affect the sexual
development of the heterosexual pairs, as deducted from observations of
sexual behavior of the adult male and female.
Finerty (1952) discussed the idea of a parabiotic barrier in the
diffusion of hormones in parabiotic systems. He stated that steriod
gonadal hormones were more difficult to diffuse from one system to
another than hypophyseal hormones. He indicated also that they cross
over only when concentrations in one partner reach extremely high levels.
This situation occurs in the parabiosis between an intact and castrate
heterosexual pair of rats.
Hence, the existence of a parabiotic barrier and the unbalanced
level of the fluctuating hormones within the system could be factors
which.would:>not allow sufficient quantities of hormones, male or female,
to suppress the development of the joined pair. There is also a low rate
of exchange of steriod hormones followed by rapid inactivation by the
liver and excretion. The author feels that it may be stated that the
sex hormones of the male or the female did not diffuse from one animal
to another, or that if they did, the level was not sufficient or the
hormone was inactivated before it reached a minimally effective level
in the recipient, Finerty (1952) stated that the apparent parabiotic
barrier might be due to the rapid clearance rate of the substance in
both animals as compared to the circulation flux between them.
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However, the author can still agree with Levin (1966) who stated
that the presence of testosterone or its absence determines the hormone
differentiation of the sex. Levin felt that the brain of a mammal was
female until a certain period shortly after birth. If testosterone was
absent at this stage, the brain would remain female; however, if
testosterone was present, the brain would develop male characteristics.
It is to be expected that if the parabiotics were joined before charac¬
teristic behavior patterns of the genetic sex, had occurred, that the
testosterone would have affected the physiological sex of the joined
female. However, it seems that in the parabiotic experiment, the
testosterone was not able to exert this effect. Thus, the brain, as
suggested by Levin, remained female. The author feels that it can be
postulated that testosterone did not influence the development of the
behavior patterns of the genetic sex when parabiosis was performed at
this period, because of insufficient levels of hormonal ccxicentration
and inactivation of the hormones before action could be exerted on the
paired system. Hence, no reversal of sexual behavior was observed in
the adult mating patterns of the male and female parabiotics.
The females who had received testosterone from the age of 6 days
until 40 days post-partum were tested after the 89th day with a hi^ly
receptive estrous female. When placed in the cage with the receptive
female, a reversal in sexual patterns was observed. Table 5 gives
evidence that nibbling, mounting, copulation and clasping the female were
observed.
When the testosterone treated females were placed with the male no
signs of lordosis, hopping or ear vibrations were displayed. Fights
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Table 5. Individual sex behavior responses of hormone injected males and females for nibbling (ni), mounting (mt), times mounted (tm),
abortive mounts (am), copulation (co), clasps (cl), intromission (in), ejaculation (ej), spasms (sp), ejaculation latency (el),
recovery period follovd.ng ejaculation (rp), fighting (fi), hours in heat (hh), ear vibrations (ev), hopping (ho), and lordosis (lo).
Sexual Behavior
SEX A.
N, ni mt tm am co cl in ej sp 41 (min) rp(sec) fi hh ev ho lo
M F M F M F M F M F M F M F M F M F M E M F M F M F M F M F
EXPT,
F. 1 0 -15 0 -10 +4 0 +1 -1 0 -3 0 -8 0 0 0 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0
F. 2 0 oCMt 0 -9 +3 0 0 -1 0 -6 0 -7 0 0 0 0 0 0 0 0 0 0 -£ 0 0 0 0 +1 0 0
F. 3 0 -15 CM1O +2 -1 0 0 0 -7 0 -9 0 0 0 0 0 0 0 0 0 0 -2 0 0 0 0 0 0 -1
CON.
F. 4 0 0 0 0 +13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +12 +7 0 +8 +10 +12 0
F. 5 0 0 0 0 +11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +14 +5 0 +11 +7 +10 0
EXPT.
M. 6 0 0 -1 +3 -10 -8 0 0 -1 0 -1 +1 -1 0 0 0 0 . 0 .0 -2 0 -2 0 -3 -6 0 -10 0 -7 -1
M. 7 0 0 -2 +3 -15 -5 -1 0 -2 +1 -3 +1 -2 0 0 0 0 0 0 -2 0 -2 0 -4 -9 0 -8 0 -8 0
M. 8 0 0 -1+3 -16 0 -1 0 -1 0 0 +1 -1 0 0 0 0 0 -2 0 -2 +1 -5 -5 0 -12 0 -7 0
CON,
M. 9 0 +8 0 +15 0 0 0 +3 0 +10 0 +11 0 +8 0 +3 0 +3 0 +8 0 +49 1 0 0 0 0 0 0 0
M, 10 0 +7 0 +17 0 0 0 +5 0 +8 0 +9 0 +11 0 +4 0 +3 0 +6 . 0 +50 0 0 0 0 0 0 0 0
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were observed very frequently with the males as mounts were attempted by
them. Table 5 Indicated clearly that the total pattern of behavior in
response to the male was one of unreceptivity.
Table 6 gives scores of behavioral responses for the hormone treated
male and female rats. These scores were all negative as compared to those
of the controls, which gives a clear indication of the deviant pattern of
sexual behavior as observed and displayed with the testosterone treated
females and the estrogen treated males.
This evidence lends support to that of Barraclough and Gorski
(1962) on the unreceptivity of the female to the male when 1.25 mg of
testosterone propionate was administered daily until the animals were
tested in adulthood. His treatment of females with 10 g, however, resulted
in sexual receptivity towards the male in adulthood. The author feels
that the concentration of the injected hormone perhaps has an Inverse
effect on the sexual pattern that will be elicited in the adult. It may
be logical to postulate that higher concentrations elicit more intense
masculine behavior while lower levels of hormone concentration elicit no
response or varying degrees of responses.
These results differ from those of Koster (1943), who indicated that
testosterone treated females receiving 0.125 mg from birth until after the
day they were tested showed that the female did not possess a strong sex
drive. His animals displayed no interest in chasing or activating the
normal estrous female. His rats also displayed occasional encounters
which did result in copulations or fights. Those receiving 0.05 mg daily
showed a higher degree of masculine behavior. He found no evidence of
spasmic reactions and lordosis was observed only once. The author also
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Female 1 Testosterone 100 p grams -37
Female 2 Testosterone 100 grams -43









Male 6 Estrogen 100 grams -47
Male 7 Estrogen 100 /I grams -49









The author also found no evidence of spasmic reactions. However, any
display of lordosis was not observed, as indicated in Table 5. The
author found evidence of the testosterone treated female fighting the
estrous female, which is ccsisidered normal. The abnormality of fighting
the male was also observed. Koster reported that his testosterone treated
females did fight with other females, but these animals were reported to
have very high drive. Koster also found evidence of one copulation on the
male by his testosterone treated females. The author found no evidence of
this, as contact with the males usually resulted in fighting as attempted
mounts were made.
Ball (1940) indicated that lordosis was displayed in response to
vigorous mounting by the male, but there were no spontaneous activities
or Invitations such as darting and crouching. The author's results
disagreed with those of Ball in this respect for no lordosis was observed
in the hormone injected animals, as well as no behavior which would elicit
the response from the male. Ball's animals would accept an aggressive male
though fighting was continuous.
Fighting was continuous in the author's hormone injected animals,
but receptivity was not observed. Ball's rats were adult, however, when
these experiments were performed and had had previous experience with the
male, which would be a qualifying factor. Ball also found evidence of
fighting in the female, though she stated that the normal estrous female
did not fight with other females, nor with males, nor with each other.
She further added that their fighting must have been due to something in
the behavior of the testosterone animals who, in turn, were quite ready
to fight back. Ejaculation was never observed by Ball and the author
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found no evidence of this occurring.
In contrast to the work of Phoenix, Goy, Gerrall and Young (1959)
with the guinea pig, masculine behavior was exaggerated while feminine
behavior was reduced. In this study no display of feminine behavior at
all was seen.
From the data, it is evident that testosterone administered to
6-day old female rats does affect the sexual pattern in adulthood. How¬
ever, in comparing the author's data with that of previous investigators,
differences were found in observable activities. It must be kept in mind,
however, that each experimental setup differs, and that the dosages of
testosterone used were different from those of other investigators. It
can be stated, though, from the basis of the presented evidence, that a
reversal of sexual behavioral patterns does occur when testosterone is
administered to very young rats.
The estrogen treated males were tested with estrous females and
these males were observed to mount the female, but at greatly reduced
times as compared to that of the controls. Clasping was observed on the
average of one time for each test. Copulations, intromissions, ejacu¬
lations, spasms and nibbling, which are characteristics of normal male
sexual behavior towards the estrous female, were not observed. Fighting
was evident towards other females as is indicated in Table 5.
When the estrogen treated male was placed with a male after being
placed with a receptive female to elicit sexual responses, a reversal of
the sexual pattern was observed. The estrogen treated male displayed
lordosis, ear vibrations, and was observed to hop a number of times.
These feminine reactions elicited responses from the male and mounting of
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the estrogen treated male by males was observed. This is indicated in
Table 5.
Table 6 gives evidence of the deviating pattern of sexual behavior
as is indicated by the negative responses of the estrogen treated males
as compared with those of the controls.
The estrogen treated males were observed to copulate with another
male, to clasp, mount and to display intromission. These observations
\
were very infrequent, however. Ball (1940) stated that testosterone
treated females seemed to elicit responses from the normal female and
caused them to mount the estrogen treated female in return. Mounting of
the estrogen treated male might have possibly elicited the mounting of the
normal male in return, though no evidence is provided to substantiate this
postulation. This abnormal behavior may have also been due to the fact
that the animals' power to discriminate between the sexes might not have
been selective when the animal was highly aroused. It may also be sug¬
gested that though the animal had been injected from infancy until post
puberty with estrogen, it was possible that the neuro-muscular mechanisms
mediating masculine behavior were aroused in this state of pronounced
excitement, when executlcxi of the complete feminine pattern was prevented.
There was also observable evidence of the female mounting the
estrogen treated male, which usually ended in fights. It has been reported
that female rats which are extremely receptive often launch vicious
attacks upon males who persist in investigation and mounting, but fall to
copulate and achieve intromission. The estrogen treated male was observed
to mount the estrous female very infrequently, Male-like mounting has
been observed in the case of the normal female on occasions when the male
is sluggish. This may have been a possible factor in the female when she
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displayed mounting of the genetic, but physiologically feminine male,
Levine and Mullins (1964) stated that 100 grams of estrogen given
to male rats 96 hours after birth produced adults which were unable to
achieve intromission, but found that they mounted as frequently as normal
males, although mounts were disorientated towards females. From all
indications of the author's experimental animals, it is evident that these
animals displayed a lack of interest towards females, as mounting was not
indicated. Uhaden (1964) reported that rats treated in infancy with
estrogen exhibited lordosis when mounted by control males, which correlates
with the display of lordosis as exhibited by the estrogen treated males of
this investigation. However, one of his experimental males was able to
achieve intromission with a receptive female while no evidence of this
occurrence was seen by the author.
When one male rat is mounted by another, the usual response is an
immediate attempt to dislodge the mounting animal and to repel any
subsequent endeavors to mount. This was not the case in the hormone
injected rats, as they seemed to invite the advances of the non-experimental
male. Thus, it seems evident that the sexual pattern of the estrogen
treated male was feminine. The rat's pattern of behavior towards the
normal female deviated from the normal pattern exhibited by the control
males with the estrous female. His actions toward the male were
typically feminine. This was indicated by the display of lordosis and
other feminine behavioral responses which enticed the male to mount.
It is possible that the treatment of genetic males with estrogen at
infancy results in a functional castration, and thus the infantile cas¬
tration leads to female-like behavior.
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The ovarlectomlzed females, when tested after the 89th day with
normal estrous females, were observed to display masculine characteristics.
No display of heat was observed. The rat was observed to nibble, clasp,
mount and copulate with the estrous female. However, intromission,
ejaculation and spasms were not observed. Fighting, also, did not occur
between the ovariectomized animal and the estrous female as Indicated in
Table 7.
When the ovariectomized females were placed with the male, lordosis,
hopping and ear vibrations were not e^dilbited by two of the experimentals.
Mounting was attempted by the male, but fights resulted in the end.
The display of ear vibrations and lordosis Infrequently by one, and
the attempted copulation, clasping and mounting of the male by the three
other experimentals were observed. Ovariectomy, as felt by many investi¬
gators such as Goldstein (1957), brings about prompt and complete elimina¬
tion of copulatory reactions. Females that have been ovariectomized are
thought to be indifferent to sexual arousal. This is clearly indicated
in the experimental animals' response to the male, but does not coincide
with the behavior of one of the animals who displayed lordosis and ear
vibrations; neither does it account for the fact that these rats displayed
masculine behavior and also made attempts to copulate with the males.
First, in comparison to male rats castrated at puberty, it has been stated
by Beach (1942b) that many investigators feel that no mating behavior is
exhibited at adulthood, but evidence is being accumulated which recognized
incomplete copulatory reactions in prepuberty castrated male rats
(Beach, 1942b), Further study may indicate that this is the case with
the female rat as it is possible that ovarian hormones might have been
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Table 7. Individual sex behavior responses of gonadectomized males and females for nibbling (ni), mounting (mt), times mounted (tm),
abortive mounts (am), copulation (co), clasps (cl), intromission (in), ejaculation (ej), spasms (sp), ejaculation latency (el),
recovery period following ejaculation (rp), fighting (fi), hours in heat (hh), ear vibrations (ev), hopping (ho), and lordosis (lo).
Sexual Behavior
SEX A, ni mt tm am cd cl in ej sp el (min) rp(sec) fi hh ev ho lo
N. M F M F M F M F M F M F M F M F M F M F M F M F M F M F M F
EXPT.
F. 1 0 -6 -1 -5 +8 0 0 1o -44 -1 -4 0 0 0 0 0 0 0 0 0 0 -7 +2 +1 0 0 0 0 0
F. 2 0 -3 -1 -5 +1 0 0 11 -2 -1 -2 0 0 0 0 0 0 0 0 0 0 -6 +4 +2 0 0 0 0 0
F. 3 0 -6 -1 -4 +6 0 0 f—111 -3 -1 -3 0 0 0 0 0 0 0 0 0 0 -11 +3 +3 0 0 0 +6 0
GQN.
F. 4 0 0 0 0 +13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +12 +7 0 +7 +10 +8 0
F. 5 0 0 0 0 +15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +13 +5 0 +6 +7 +9 0
EXPT.
M. 6 0 0 0 +10 -5 0 0 -1 0 +5 0 +6 0 0 0 0 0 0 +3 0 0 0 0 0 0 0
M. 7 0 0 0 +8 -8 0 0 0 0 +4 0 +5 0 0 0 0 0 0 +3 0 0 0 0 0 0 0
M. 8 0 0 0 +9 -5 0 0 0 0 +3 0 +5 0 0 0 0 0 0 +2 0 0 0 0 0 0 0
CON.
M. 9 0 +6 0+14 0 0 0 +7 0 +8 0 +10 0 +8 0 +3 0 +3 0 +8 0 +50 0 0 0 0 0 0 0 0
^ 10 0 +5 0 +17 0 0 0 +5 0 +9 0 -12 0 +9 0 +5 0 +3 0 +7 0 +51 0 0 0 0 0 0 0 0
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secreted before puberty and ovariectomy, and thus would permit this dis¬
play of feminine behavior. Beach (1942b) also postulated that under cer¬
tain conditions, feminine behavior may occur in the absence of ovarian
hormones. The specific conditions involve an intense state of excitement
plus the repeated and forceful applications of those stimuli which normally
call forth receptive responses.
Beach and Rasquin (1942) have stated that prepubertal ovariectorn!zed
females portray masculine behavior after successive tests. On the first
test he failed to observe masculine behavior, but on successive tests,
clasping, mounting and copulation were observed. Some of his rats showed
the complete pattern of male sexual behavior. Thus, the author agrees with
Beach and Rasquin, but failed to observe the complete copulatory pattern
with the male.
Koster (1943) stated that it is not true that castrated females are
sexually neutral or indifferent to other individuals since he found evidence
that females castrated on the day of birth were mounted by males and
resisted their approaches most of the time, although occasions were
observed when they did not. Fighting was evident from observations
described here wherein the males were fought by the females as is
indicated in Table 5.
The atypical occurrence of the ovariectomized female mounting the
male can be correlated with the fact that most of this occurred during the
times that the males attempted to mount. Hale copulatory behavior has been
seen in normal females by Beach (1938, 1942c) and is felt to be an integral
element in the feminine behavior though it is repressed. Hence, through
the excitement of fighting the male, it may have been released.
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These results are indicated in relation to the control female
responses in the accumulative scores in Table 6. The scores of the
ovariectomlzed female were negative as compared to the positive scores
of the control.
From the evidence presented, it is believed that the ovariectomlzed
females were affected in that the normal feminine pattern was not displayed,
but instead, that of the masculine pattern. Indications are that the ova-
rlectomized female responds to the stimuli of the estrous female, while
not displaying any degree of femininity itself, and repels the male when
approaches are made. It is clear that removal of the ovaries does not
remove the attraction of the gonadectomlzed females for the male. If
further tests had been conducted, the author feels that the one exception
of the lordosis and ear vibrations that were displayed in the presence of
the male would be lost, as Beach (1942a) indicated that more masculine
behavior is displayed with successive tests involving ovariectomlzed
females and estrous females.
The orchidectomized males were tested with normal estrous females
and observations of nibbling, intromission, ejaculation, spasms and
fighting with the female were not observed. Mounting, clasping and
copulation were observed as shown in Table 7.
When these animals were placed in test situations with males, lor¬
dosis, hopping and ear vibrations were not evident. However, the non-
experimental male mounted the orchidectomized male in his state of sexual
excitement. In some Instances fighting resulted, and in other instances,
fighting was not observed.
Hence, we find a lack of displaying total masculine behavior in the
presence of the female and that of not displaying feminine characteristics
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in the presence of the male. However, it is to be kept in mind that the
orchidectomized male did attract the non-experimental male and caused him
to mount.
Shapiro (1937) and Moore (1938) stated that prepuberty castration
prevents the appearance of copulatory behavior in the male rat. This stand
had been continually threatened by the accumulation of evidence which, as
stated by Beach (1942 b), that there were attempts to carry out the mascu¬
line pattern. Beach also indicated that some elements of the copulatory
act do occur in prepubertal castrates.
Table 8 gives accumulative scores and evidence is provided for the
fact that positive scores are given for the responses of the orchidecto¬
mized rats. However, in comparison with the controls, a score of +11
falls significantly short of a +67 of the control male.
In correlating the two, it had been seen that a display of Incomplete
copulatory responses towards the female occurred, and this would agree with
those investigators who have observed incomplete copulatory attempts in
prepuberty castrate males. It seems reasonable that the threshold of
responsiveness in the neural circuits for masculine coital performance is
inherently lower than the threshold in the mechanism for feminine behavior
when one compares the almost total absence of display of feminine attri¬
butes in the ovariectomized females.
Hence, it is reasonable to state that the orchidectomized male,
unlike the ovariectomized female, does not reverse its sexual pattern
by displaying feminine characteristics such as lordosis, ear vibrations
and hopping. However, this display of masculine behavior in response to
the female is quite low though still positive. Also, when mounted by the
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Female 1 Ovariectomy Prepubertal -20
Female 2 Ovariectomy Prepubertal -17
Female 3 Ovariectomy Prepubertal -15
CONTROLS
Female 4 Prepubertal •H7
Female 5 Ovariectomy Prepubertal +44
EXPERIMENTALS
Male 6 Orchidectomy Prepubertal +14
Male 7 Orchidectomy Prepubertal +8
Male 8 Orchidectomy Prepubertal +10
C(»}TROLS
Male 9 Orchidectomy Prepubertal +63
Male 10 Orchidectomy Prepubertal +71
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sexually excited non-experimental male the experimental male did not
always immediately respond by turning away. Nonetheless, it can not be
said that the removal of the testis at puberty causes the portrayal of
feminine patterns.
Thus, it seems evident from the data obtained with the orchidec-
tomized male, that no pattern of functional sex reversal was observed as
compared to the ovariectomized female. It seems that the threshold for
mediating masculine behavior in the female must be much lower than that
which mediated feminine behavior in the male. The failure of earlier wor¬
kers to observe copulatory responses in prepuberty castrated male rats
was probably due to inadequate testing techniques. It may mean that the
neuromotor circuits mediating the masculine mating pattern are organized
well in advance of puberty. This may be indicated by the ease in which
the complete pattern of masculine behavior is derived by the administration
of androgen in prepuberty castrates (Stone 1940),
Hence, evidence indicates that the male and female parabionts are
not affected by parabiosis as is indicated by the correlation of their
sexual scores when compared with those of the controls. However, the
hormone injected and the gonadectomized animals showed varying degrees of
sexual responses and deviations from normal sexual patterns.
Table 9 indicates a mean score of -42 for hormone injected females
as compared with a score of +49 for control females. The hormone injected
experimental males gave a score of -48 as compared to a +67 for the control
males. The gonadectomized experimental females had a score of -17 as
compared to a score of +46 for the controls. The gonadectomized experi¬
mental males gave a score of +11 as compared to a +67 of the controls.
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These results form conclusive evidence that the sexual pattern is
more affected by the injection of testosterone into females and estrogen
into males than is the operation of ovariectomy and orchidectomy before
puberty.
A correlation of the mean score for behavior of the parabiotics,
hormone injected and gonadectomized male and female non-experimental
animals, is provided for in Fig. 1. It shows that the parabiotic female
and male correlate closely with the controls while the hormone Injected and
gonadectomized male and female fall short of the control.
Tables 10 and 11 give mean scores of male and female responses for
the parabiotic, hormone injected and gonadectomized animals in relation to
individual activities. Again, it is clear that the computer averages of the
parabiotic, males and females are closely related to those of the controls.
It is evident on the other hand that hormone injected and gonadec¬
tomized rats deviate from the controls.
In comparing the hormone Injected and ovarlectomized rats, the
control values were not placed in the tables, but a direct comparison
was made between the activities of the hormone injected and the gonadec¬
tomized animals. Since it is evident that the parabiotics did not deviate
from the controls, no mention will be given of them in making the compar¬
ison.
It is indicated (Fig. 2) that there was no display of heat by the
hormone Injected or the ovarlectomized animals in the presence of the male
or female. Lordosis, the normal behavior of the female rat, was not
exhibited by the hormone injected female in either test situation invol¬




Fig. 1. Graph showing the mean behavior scores of parabiotic experimental females (PEF),
parabiotic control females (PCF), parabiotic experimental males (PEM), parabiotic
control males (PCM), hormone experimental females (HEF), hormone control females
(HCF), hormone experimental males (HEM), hormone control males (HCM), gonadectomized
experimental females (GEF), gonadectomized control females (GCF), gonadectomized
experimental males (GEM), and gonadectomized control males (GCM)




F M F M
Hormones
Expt. Controls
F M F M
Gonadectomy
Expt. Controls
F M F M
Times mounted by (males) 0 0 0 0 -4 -14 0 0 0 -6 0 0
Lordosis (males) 0 0 0 0 0 - 7 0 0 0 0 0 0
Copulation (males) +8 0 +8 0 0 - 1 +9 0 +4 0 +9 0
Ejaculation (males) +3 0 +3 0 0 0 +4 P P 0 +4 0
Nippling (males) +6 0 +6 0 0 0 +8 0 0 0 +6 0
Clasping (males) +16 0 +16 0 +1 -1 +10 0 +5 0 +11 0
Intromission (males) +7 0 +8 0 0 -1 +10 0 0 0 +9 0
Hopping (males) 0 0 0 0 0 -10 0 0 0 0 0 0
Spasms +3 0 +3 0 0 0 +3 0 0 0 +4 p
Ear vibrations (males) 0 0 0 0 0 -7 0 0 0 0 0 0
Fighting (males) 0 +2 0 +2 -4 0 0 +1 0 +3 0 0
Times they mounted (males) +16 0 +15 0 +3 -1 +16 0 +9 0 +16 0
Table 11. Mean responses of individual activities for parabiotic, hormone injected
and gonadectomized females













Times mounted by (females) 0 +15 0 +16 0 +3 0 +12 0 +5 0 +14
Lordosis (females) 0 +10 0 +9 0 0 0 +11 0 +2 0 +9
Copulation (females) 0 0 0 0 -5 0 0 0 -3 -1 0 0
Nibbling (females) 0 0 0 0 -17 0 0 0 -5 0 0 0
Clasping (females) 0 0 0 0 -8 0 0 0 -3 -1 0 0
Hopping (females) +8 +8 +9 +9 0 0 +9 +10 0 0 +9 +9
Ear Vibrations (females) 0 +6 0 +3 0 0 0 +6 0 +2 0 +6
Times mounted (females) 0 0 0 0 -10 0 0 0 -5 -1 0 0
Fighting (females) 0 0 0 0 0 -2 0 0 +3 -8 0 0
Heat (females) +13 +13 +13 +13 — -- 13hr 13hr -- -- 13hr 13hr
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Fig. 2. Graph showing hours of heat exhibited by parabiotic
females with females (PFF), parabiotic females with
males (PFM), hormone injected females with females
(HFF), hormone injected females with males (HFM),
gonadectomized females with females (GFF), and
gonadectomized females with males (GFM)
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female in response to males (Fig. 3), Hopping, another normal response
was not exhibited by either hormone treated or ovariectomized animals in
response to male or female test situations (Fig, 4), Ear vibrations were
not observed with the hormone treated animal, but were observed in the
gonadectomlzed female response to the male (Fig. 5).
In relation to abnormal behavior, the hormone injected and gonadec-
tomized females were observed to nibble the estrous female. However, the
hormone injected female displayed this response to a greater extent
(Fig, 6). The hormone injected and ovariectomized females were observed
to clasp the normal females, but here again the times observed for the
clasping of the female occurred more in the hormone injected female than
in the ovariectomized female. The ovariectomized female was also observed
to clasp the non-experimental very infrequently (Fig, 7),
Hormone injected and ovariectomized females mounted females, but the
times they mounted again was higher in the hormone Injected than in the
ovariectomized females. The ovariectomized females we^e also observed
to mount the male very infrequently (Fig, 8),
Copulation was observed for both the hormone injected and the
ovariectomized animals, but at hi^er respcmse levels for the hormone
injected animals than the ovariectomized ones. Again, the ovariectomized
females copulated with the males very infrequently (Fig, 9),
The males were attracted to the hormone injected and ovariectomized
animals as indicated by the number of times the latter were mounted
(Fig. 10).
The frequency of being mounted by males was higher in the gonad-
ectomized animals than in the hormone treated animals.
Timeslordosisexhibited
Fig. 3. Graph showing average number of times lordosis was displayed by parabiont
females with females (P^F), parabiotic females with males (PEM), hormone
injected females with females (HFF), hormone injected females with males
(HEM), gonadectomized females with females (GFF), gonadectomized females
with males (GEM), parabiotic males with females (PMF), parabiotic males
with males (PMM), hormone injected males with females (HMF), hormone
injected males with males (HMM), gonadectomized males with females (GMF),
and gonadectomized males with males (GMM)
Timeshoppingexhibited
Fig. 4. Graph showing average number of times hopping was displayed by parabiotic females
(PFF), parabiotic females with males (PFM), hormone injected females with females
(HFF), hormone injected females with males (HFM), gonadectomized females with
females (GFF), gonadectomized females with males (GFM), parabiotic males with
females (PMF), parabiotic males with males (PMM), hormone injected males with
females (HMF), hormone injected males with males (HMM), gonadectomized males
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Fig. 5. Graph showing average number of times ear vibrations were displayed by parabiotic
females with females (PFF), parabiotic females with males (PIM), hormone injected
females with females (HFF), hormone injected females with males (HFM), gonadec-
tomized females with females (GFF), gonadectomized females with males (GFM), para¬
biotic- males with females (PMF), parabiotic males with males (PMM), hormone in¬
jected males with females (HMF), hormone injected males with-niales (HMM), gonadec¬
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Fig. 6. Graph showing average number of times nibbling was displayed by parabiotic females
with females (PFF), parabiotic females with males (PFM), hormone injected females
with females (HFF), hormone injected females with males (HFK), gonadectomized
females with females (GFF), gonadectomized females with males (GFM), parabiotic
males with females' (PMF), parabiotic males with males (PMM), hormone injected
males with females (HMF), hormone injected males with males (HMM), gonadectomized
males with females (GMF), and gonadectomized males with males (GMM)
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Fig, 7. Graph showing average number of times clasping was displayed by parabiotic females
with females (PFF), parabiotic females with males (PFM), hormone injected females
with females (HFF), hormone injected females with males (HM), gonadectomized
females with females (GFF), gonadectomized females with males (GM), parabiotic
males with females (PMF), parabiotic males with males (PMM), hormone injected
males with females (HMF), hormone injected males with males (HMM), gonadectomized
males with females (GMF) and gonadectomized males with males (GMM)
Fig. 8. Graph showing average number of times mounting was displayed by parabiotic females
with females (PFF), parabiotic, females with males (PFM), hormone injected females
with females (HFF), hormone injected females with males (HFM), gonadectomized
females with females (GFF), gonadectomized,females with males (GBM), parabiotic
males with females (PMF), parabiotic males with males (PMM).hormone injected
males with females (HMF), hormone injected males with males (HMM), gonadecto¬
mized males with females (GMF), and gonadectomized males with males ((Ml)
Fig. 9. Graph showing number of times copulation was displayed by parabiotic females
with females (PFF), parabiotic females with males (PFM), hormone injected fe¬
males with females (HFF), hormone injected females with males (HFM), gonadec-
v' tomized females with females (GFF), gonadectomized females with males (GFM),
parabiotic males with females (PMF), parabiotic males with males (PMM),
hormone injected males with females (HMF), hormone injected males with
males (HMM), gonadectomized males with females (QIF), and gonadectomized
males with males (GMM)
Timesmountedbynon-experimentalanimals
Fig. 10. Graph showing average number of times parabiotic females were mounted by females
(PFF), parabiotic females mounted by males (PPM), hormone injected females
mounted by females (HFF), hormone injected females mounted by males (HFM),
gonadectomized females mounted by females (GFF), gonadectomized females
mounted by males (GPM), parabiotic males mounted by females (PMF), para¬
biotic males mounted by males (PMM), hormone injected males mounted by
females (HMF), hormone injected males mounted by males (HMM), gonadec¬
tomized males mounted by females (GMF), and gonadectomized males mounted
by males (QIM)
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Fighting (Fig, 11) was not displayed by the hormone injected females
with females, but was observed in response to males. Fighting was observed
by the gonadectomized female with the estrous female and the male.
These findings were interpreted as indicating that the hormone
treated females' actions were more masculine than those of the ovariec-
tomized females. Hence, the rat was accepted by the female, and since
the testosterone injected rat sought relations with the estrous female,
no fights occurred. On the other hand, the hormone treated female still
attracted the male as was Indicated by the times these animals were mounted
by other males (Fig, 10), Resistance to these males by the ovariectomized
females was indicated by the number of fights resulting from the attempted
mounts. These fights might have resulted from the non-experlmental male
being masculine and the fact that the ovariectomized female Itself was
displaying masculine characteristics. The ovariectomized female responded
to the Intense activity of the estrous female, but the animal (non-
experimental female) resisted the approaches of the experimental animal
and fighting again persisted. The highest degree of fighting was observed
between the ovariectomized female and the other males. The ovariectomized
female was mounted more than the hormone treated animal and thus more
fights would occur in resistance to the male's approaches.
Inacomparing the hormone injected males with the orchidectomized
males, evidence indicated that normal behavior such as intromission with
the female was not observed by either the hormone injected or the orchi¬
dectomized male in response to female or males (Fig, 12), Spasms nor
ejaculation were observed by the hormone injected or the orchidectomized
male in response to male or female test situations (Figs, 13 and 14),
9-1
Fig. 11. Graph showing average number of fights involving parabiotic females (PFF), para¬
biotic females with males (PFM), hormone injected females with females (HFF),
hormone injected females with males (HFM), gonadectomized females with females
(GFF), gonadectomized females with males (GFM), parabiotic males with females (PMF),
parabiotic males with males (PMM), hormone injected males with females (HMF),
hormone injected males with males (HMM), gonadectomized males with females (GMF) and
gonadectomized males with males (GMM)
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Fig. 12. Graph showing average number of intromissions made by
parabiotic males with females (PMF), parabiotic males
with males (PMM), hormone injected males with females
(HMF), hormone injected males with males (HMM),
gonadectomized males with females (GMF), and gonadec-
tomized males with males (GMM)
Timesspasms(mal )exhibited
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Fig. 13. Graph showing average number of ejaculations made by
parabiotic males with females (PMF), paratiotic males
with males (PMM), hormone injected males with females
(HMF), hormone injected males with males (HMM), gonadec-
tomized males with females (GMF), and gonadectorn!zed
males with males (®1M)
Timesejaculationxhibited
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Fig, 14. Graph showing average number of spasms displayed
by parabiotic males with females (PMF), parabiotic
males with males (PMM), hormone injected males with
females (HMF), hormone injected males with males
(HMM), gonadectomized males with females (GMF), and
gonadectomized males with males (GMM)
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Nibbling was not observed in the hormone injected or the orchidectomized
animals (Fig. 6).
Mounting was observed for the hormone treated male and the orchidec¬
tomized male in response to the female, but the response was higher for
the gonadectomized male than for the female. Hormone treated males were
also observed on some occasions to mount other males (Fig. 8).
Clasping was noted for the hormone treated male and orchidectomized
male with the female. The response was higher for the gonadectomized
males however. The hormone treated male was seen to mount the male very
infrequently.
Copulation was not observed for the hormone treated male with females,
but was observed on very rare occasions with the male. The orchidectomized
males displayed copulation with the female, but made no approaches towards
the male (Fig. 9),
Hormone treated males were mounted by males in many instances.
Orchidectomized males were also observed to be mounted by males, but at
a lower level of response than that of the hormone injected ones. The
hormone treated males were also mounted by the female on some occasions
(Fig. 3).
Lordosis (Fig. 3), ear vibrations (Fig. 5), and hopping (Fig. 4) were
displayed by the hormone Injected animal in the presence of the male.
These reactions were not displayed, however, by the orchidectomized
animals (Figs. 3, 4 and 5). Fighting was observed with the hormone
treated males in response to the estrous female. This reaction did not
occur with the orchidectomized males. On the other hand, the orchidec¬
tomized males were observed to fight with the non-experimental male while
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this was not observed with the hormone injected animal. The fights
involving the hormone injected male and the estrous female occurred
when the female tried to mount the male. The author feels that fights
between the estrogen treated male and the non-experimental male did not
occur because the advances of the non-experimental animal were welcomed
by the estrogen treated males. On the other hand, females did not attempt
to mount the orchidectomized males and thus no fights were observed. Those
fights that occurred between the orchidectomized male and the non-experimen¬
tal male resulted from the attempted mounts of the non-experimental animal
upon the experimental animal who resisted the approaches by fighting
(Fig, 11),
The estrogen treated animals' actions, as indicated by the data,
were feminized. In contrast, the orchidectomized animals' behavior could
only be expressed as incomplete copulatory attempts and sluggish behavior.
Hence, reversal occurred in the estrogen treated males, but no effect
resulted from the removal of the gonads. This is evident in Table 9
v^ich lists a +11 for the gonadectomized animal as compared to a -17 for
that of the estrogen treated animal.
In concluding then we may say that sex reversal includes degrees of
intersexuality in relation to behavioral patterns. It may result from
overriding the genotype by agents which sufficiently disturb the general
physiological conditions of the organism at some stage of development. It
can result from the disturbance of the physiological condition within the
ovum before fertilization, or result from a disturbance of the general
physiology of the organism during embryonic life, as well as from dis¬
turbances of the general physiology of the post-embryonic organisms. This
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last statement has been investigated and the results have been presented
in this paper.
The author had attempted to bring together the psychophysiological
aspects of controlled sex behavior patterns as affected by parabiosis,
injection of estrogen, testosterone, and gonadectomy of male and female
rats.
Koster (1943) stated that "any factor which disrupts the nervous and
endocrine system interferes with attractive stimuli, receptivity, resistance
and acts of copulation," Correlation and coordination are lost as a re¬
sult. We have found that this statement does not apply to parabiosis
between heterosexual pairs of 6-day old rats, but that it does apply to
the injection of hormones and the gonadectomy of these animals.
In summary, the hormone injected female did not display feminine
behavior. A reversed pattern of masculine responses including copulation,
mounting, nibbling and clasping the female was observed. Normal behavior
such as lordosis, hopping, ear vibrations and heat was lacking. It was
concluded from these findings that total reversal occurred with testos¬
terone administration in early infancy.
The genetic male when Injected from 6 days to 40 days post-partum
was affected similarly. The pattern of behavior that was established in
adulthood was one which was feminine. Normal activities of masculine
behavior as copulation, nibbling, ejaculation, intromission and spasms
were not observed in response to the estrous female.
Feminine behavior as ear vibrations, lordosis and hopping were
elicited in the presence of the male who in turn caused the non-experi-
mental male to mount the estrogen injected animal. The usual response
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for the normal male would be that of trying to dismount the male, but no
display of this was observed with the estrogen treated animal as is indi¬
cated by the absence of fights.
The ovariectomized females were not observed to display any signs
of heat or hopping when placed with the male. They copulated with the
female, clasped, mounted and nibbled. The experimental rat was attracted
by the male, but fighting usually resulted when the male attempted to
mount.
The orchidectomized male was mounted by the male, but in no instance
was there any display of ear vibrations, lordosis or hopping which is
I
feminine behavior. Mounting of the estrous female, attempted copulation
and clasping were observed, but intromission, ejaculation, nibbling and
spasms were not observed. Thus, some rudimentary degrees of masculine
behavior were shown, but the total pattern was not displayed. Unlike the
ovariectomized females, the adult pattern of sexual behavior was affected,
but not in relation to sex reversal or intersexuality.
Hence, it is clear from this experimental evidence that the sexual
pattern of adult male and female behavior is directly a result of appropri
ate hormones in adequate amounts during the critical stages of development
The balance was not altered by the performing of surgical parabiosis, but
was altered by the administration of hormones and the removal of the
estrogen and testosterone secreting organs.
Yet one must also bear in mind other factors. Rarely has sufficient
emphasis been placed upon other variables which are equally powerful in
determining the typer of sexual activity that will occur in a given situa¬
tion, There are a great many differences between individual males and
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females. Reactions, vrtiich may occur in one instance, may fail to occur
in another, although the experimental set up is approximated as closely
as possible. One must also keep in mind that the stimuli in mating
responses varies inversely with sexual excitability.
The appearance of a particular mating response is affected by the
pattern of external stimulation and by the functional characteristics of
the neuromuscular constitution as well as the chemical nature of the
facilitating hormonal agents. Only when all of these factors are taken
into account is it possible to formulate an adequate Interpretation of
the execution of masculine reaction by genetic females and feminine
responses by males.
Both sexes possess central nervous arrangements capable of mediating
mating responses typical of the opposite sex. Thus, when testosterone is
placed within the system of the genetic female, or when estrogen is
administered to the male, the particular nervous mechanism which is
sensitive to that chemical substance is activated and the corresponding
sexual pattern appears when appropriate external stimuli are present.
Though the term sex reversal is thought appropriate, it may be better
to explain sex reversal in relation to the idea that sexual behavior is the
result of sensitizing previously refractory behavioral mechanisms. The
sex hormones, in relation to behavior, are not stimuli or organizing
agents, but chemical sensitizers which alter the sensitivity of critical
mechanisms within the central nervous system. Indeed, testosterone
increases responsiveness to stimulate mechanisms controlling masculine
behavior and estrogen brings about changes in mechanisms for feminine
sexual behavior.
Any investigator who attempts to make a study on sex behavior can
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not hope but to make generalizations in many Instances, for these are so
many interacting factors involved. From the conflicting evidence that is
reported from many Investigators, it is evident that more investigations
are needed in relation to the physiology and the psychology of sex rever¬
sal. It is not clear whether or not this feminization or masculinization
is the result of a change in the neural and neurohormonal substrate of
sexuality towards the stated characteristics of the female or male
organism. Possibly with the discovering of the definite mechanisms of




1. An investigation was conducted on the psychophysiological
aspects of intersexuality and sex reversal using the methods of
parabiosis, injections of hormones and gonadectomy.
2. The appearance of the first estrous in parabiotic females
as indicated by heat and comlflcatlon of vaginal smears, correlated
with those of the controls.
3. There was no appearance of the first estrous in the
hormone injected and gonadectomized female rats.
4. The vaginal orifice opened 10 days later in the hormone
Injected animals and 19 days later in the gonadectomized animals than
the controls.
5. It was suggested that the injections of testosterone and
ovariectomy were responsible for the failure of the appearance of the
first estrous. Though the opening of the vaginal orifice occurred
earlier in the controls than in the testosterone Injected and ovarlec-
tomlzed animals, the time did not deviate from that established by
previous investigators, thus no conclusion could be drawn as to the
effects of the experimental methods upon the delay in the opening of
the vaginal orifice.
6. The sexual behavior scores of male and female parablotics
correlated with those of the controls and no deviant sexual behavior was
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observed. It was concluded that the sexual behavior was not affected
by parabiosis performed with 6-day old rats. The possibility of a
parabiotic barrier, an insufficient level of hormone concentration, in¬
activation of the hormone, and the absence of the action of testosterone
on the brain at this stage of development, could be possible factors
for the establishment of the normal behavior patterns which were
observed in adulthood.
7. Hormone injected females exhibited a reversal in sex
behavior as is indicated by the resulting sex behavior score. Feminine
responses such as lordosis, ear vibrations, hopping and heat were not
observed in the test situations Involving the male. Masculine responses
such as moiintlng, clasping, nibbling and copulation with the female
were observed in the test situation with the estrous females. Males
were still attracted to the hormone Injected animals, and mounting was
attempted. However, resentment of the male was indicated by the
frequency of fights.
8. Ovariectomlzed female rats exhibited masculine responses
as mounting, nibbling, clasping and copulation with the estrous females.
One animal exhibited lordosis in the presence of the male, but in the
other experimental females, hopping, lordosis, ear vibrations and heat
were not observed. Fighting was observed in both test Icltuatlons with
males and females, however, it was exhibited more in the presence of
the male. The resulting sex behavior score was negative as compared
to those of the controls, indicating a reversal in sexual behavior
patterns.
9. The estrogen injected male rats exhibited feminine behavior
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when placed in the test situations with the male. Feminine responses
as lordosis, hopping, and ear vibrations were observed. Masculine
behavior as copulation, intromission, ejaculation, nibbling and spasms
was not observed when placed with the estrous female. Fighting was
prevalent with other females. On Isolated occasions, the estrogen
treated male was mounted by the female. Copulation and intromission
with the non-experimental male was also obseirved Infrequently. The
sex behavior score was negative as compared to the positive score of
the controls, indicating a reversal in the sex behavior pattern.
10. The orchldectomlzed rats did not exhibit feminine re¬
sponses, though other males were observed to mount the rats. On oc¬
casions , the orchldectomlzed rat attempted to dismount the non-experl-
mental male, while on others there was no such attempted behavior.
Masculine responses as mounting, clasping, and copulation with the female
were observed, though nibbling, intromission, ejaculation and spasms did
not occur. Fighting was observed with males as they attempted to mount
the estrogen treated male. However, fighting was not observed in the
test situations with the estrous females. The sex behavior score of
the hormone injected males was positive when compared with a positive
score for the controls. Nonetheless, the score was slgniflceintly less
than that of the controls. Hence, unlike the ovarlectomlzed females,
a reverse in sexual behavior did not occur. The animal was affected
only in that a full display of copulatory patterns was not observed,
11. A ccxnparison was made between the testosterone treated
and ovarlectomlzed females as well as the estrogen treated and orchl¬
dectomlzed males.
12 The testosterone treated females sex score indicated a
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higher degree of sex reversal than the ovariectomlzed animals. A score
of -42 was obtained for the testosterone treated animals as compared
to a -17 for the ovariectomlzed females. Hence, it was concluded that
the influence of injecting testosterone at 6 days of age had a much
greater effect on the reversal of adult sexual behavior patterns than
prepubertal ovariectomy.
13. The estrogen treated males score indicated that sex re¬
versal occurred as with no occurrence of sex reversal in the orchidec-
tomized males. A score of -48 was obtained with the estrogen treated
males as compared to a +11 for the orchldectomlzed males. It was con¬
cluded that the administration of estrogen to 6-day old rats resulted
in sex reversal patterns in adult sex behavior, whereas, prepubertal
orchidectomized rats were only affected in their ability to display
complete copulatory patterns.
14. It was suggested that in any study of sex behavior, other
factors, such as individuality of the experimental animal, and the
experimental set up must be kept in mind. It is further emphasized that
the appearance of a particular mating response is effected by the
patterns of external stimulation and by the functional characteristics
of the neuro-muscular constitution, as well as the chemical nature of
the facilitating hormonal agents. All of these factors must be taken
into consideration before it is possible to formulate an adequate
Inteirpretation of the execution of masculine reactions by genetic females
and feminine responses by males.
15. It was postulated that instead of thinking of these deviant
patterns of behavior as sex reversal, we might think of them as resulting
from the sensitizing of previously refractory behavioral mechanisms.
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since many investigators feel that both sexes possess central nervous
arrangements capable of mediating mating responses tjrpical of the
opposite sex.
16. It was stated that any investigator who attempts to make
a study of sex behavior can not hope but to make generalizations because
of the interaction of so many involved factors. From conflicting
evidence that is reported by many investigators, it is evident that more
investigations are needed in relation to the physiology and the psycho¬
logy of sex reversal.
17. With the findings of the definite mechanisms of sex
reversal, it may be possible that an understanding of the total develop¬
ment of heterologous sex may be understood.
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